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Large-scale structure
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Linear bias and redshift-space distortions
Galaxies, halos, voids, 21cm, Ly� forest ... all biased tracers of matter in real space, observed
in redshift-space
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Galaxy power spectrum in redshift-space

� Linear theory: ( ; �) = ( + �2)2 ( )

� Use Legendre expansion into multipoles:
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Galaxy power spectrum in redshift-space

� Linear theory: ( ; �) = ( + �2)2 ( )

� Use Legendre expansion into multipoles:
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Growth rate
One of the key parameters
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�
– Testing Gravity
– Constraining neutrino masses
– Testing dark energy models
– ...
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Assembly bias
Bias depends on other properties, for fixed halo mass and redshift

� Formation
history

� Age
� Spin
� Concentration
� Shape ...

Wechsler+, 2018
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Non-scalar bias
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How correlated are halos & tidal field?
We use 1000 Quijote N-body sims (Villaescusa-Navarro+, 2019) to measure cross-correlations
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Anisotropic assembly bias (AB)
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� anisotropic assembly bias
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– Selection independent of halo orientation,
e.g. projected size, velocity dispersion, angular momentum

– if observed tracer and host halo randomly misaligned
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Halo selection based on tensor properties
Selection on radial halo extent & velocity dispersion � in real space

� Real-space 2 = = 0

� 2 6= 0 ! 6= 0

� Halos: � � 1 � 2

� Redshift-space � 0:7
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What about real galaxies?
When split on orientation dependent quantities, do galaxies show different clustering strength?
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